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(54) DEVICE AND METHOD FOR PRODUCING GROUP lll-V NITRIDE FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device and a method 
for producing a group lll-V nitride film containing at least Al, by 
which the effect of corrosion caused by gaseous AICI on the film 
can be eliminated or reduced and by which the group lll-V 
nitride film having good properties is produced by a chloride 
vapor phase epitaxial method (HVPE method). 
SOLUTION: A substrate 12, a boat 15 for holding at least an 
aluminum metal member 14 and a boat 17 for holding a gallium 
metal member 16 are arranged at the inside of a reaction tube 
11. The group lll-V nitride film containing at least Al is epitaxially 
grown on the surface of a substrate 12 by the HVPE method 
while introducing gaseous hydrogen chloride and gaseous 
ammonia together with a carrier gas through the introducing 
pipes 18 to 20 and heating them with heating units 23 and 24. 
The whole body of the reaction tube 1 1 is formed by aluminum 
nitride which has resistance to the corrosion caused by gaseous 
aluminum chloride formed by the reaction of the aluminum metal 
member 14 with the gaseous hydrogen chloride. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The downstream is loaded with a substrate while loading with an aluminum metal at least the upstream seen to 
the flow direction of gas inside a coil. The aluminum chloride gas which introduces chlorine-based gas and ammonia gas 
into an inside coil with carrier gas, and is generated by the reaction of said aluminum metal and said chlorine-based gas 
from the exterior, In the manufacturing installation of the IH-V group nitride film to which chloride vapor phase epitaxial 
growth of the nitride film which ammonia gas is made to react and contains aluminum at least is carried out The 
manufacturing installation of the III-V group nitride film characterized by forming the wall part of said coil which 
contacts aluminum chloride gas at least by alumirnium nitride. 

[Claim 2] The manufacturing installation of the III-V group nitride film according to claim 1 characterized by forming 
said whole coil by aluniimium nitride. 

[Claim 3] The manufacturing installation of the III-V group nitride film according to claim 1 characterized by 
constituting said coil from a body of a coil formed with the silicon oxide system ingredient, and alurnimium nitride film 
by which coating was carried out to the wall. 

[Claim 4] Said alumirnium nitride film of said coil is the manufacturing installation of the III-V group nitride film 
according to claim 3 characterized by forming with Heat CVD. 

[Claim 5] The manufacturing installation of the IH-V group nitride film according to claim 1 characterized by having 
formed the part in contact with said aluminum chloride gas of said coil by alurnimium nitride, and forming other parts 
with a silicon oxide system ingredient. 

[Claim 6] The manufacturing installation of the III-V group nitride film according to claim 1 to 5 with which aluminum 
content in said III-V group nitride film is characterized by being more than 50 atom %. 

[Claim 7] Said III-V group nitride film is the manufacturing installation of the IH-V group nitride film according to claim 
6 characterized by being the A1N film. 

[Claim 8] In the equipment to which chloride vapor phase epitaxial growth of the nitride film which contains aluminum 
at least on a predetermined substrate is carried out Inside, said substrate and the inside coil which holds an aluminum 
metal member at least, A gas supply means to have dual structure with the outside coil surrounding this, to be equipped 
with the coil device which formed these inside coil and the outside coil with the silicon oxide system ingredient, and to 
introduce chlorine-based gas, ammonia gas, and carrier gas to said inside coil, The rnanufacturing installation of the III-V 
group nitride film characterized by establishing a gas leakage detection means to have the gas concentration sensor 
which detects leakage of a heating means to heat the interior of said inside coil, and the gas between said inside coil and 
said outside coil. 

[Claim 9] The manufacturing installation of the III-V group nitride film according to claim 8 which prepares differential 
pressure between said inside coils and said outside coils, and is characterized by having arranged said gas concentration 
sensor so that the gas concentration within [ with a lower pressure ] a reaction may be detected. 

[Claim 10] The manufacturing installation of the III-V group nitride film according to claim 9 which makes the pressure 
of said outside coil lower than the pressure of said inside coil, and is characterized by having arranged said gas 
concentration sensor so that the gas concentration of the section of an outside reaction may be detected. 
[Claim 11] The gas concentration sensor of said gas leakage detection means is the manufacturing installation of the III- 
V group nitride film according to claim 8 to 10 characterized by detecting ammonia gas, hydrogen chloride gas, nitrogen 
gas, and at least one concentration of rare gas. 

[Claim 12] The manufacturing installation of the III-V group nitride film according to claim 8 to 1 1 with which 
aluminum content in said III-V group nitride film is characterized by being more than 50 atom %. 
[Claim 13] Said III-V group nitride film is the manufacturing installation of the III-V group nitride film according to 
claim 12 characterized by being the A1N film. 

[Claim 14] The interior of said inside coil in the coil device of the dual structure which can detect leakage of the gas 
between an inside coil and an outside coil, The downstream is loaded with a substrate while loading with an aluminum 
metal member at least the upstream seen to the flow direction of gas. The aluminum chloride gas which introduces 
chlorine-based gas and ammonia gas into said inside coil with carrier gas, and is generated by the reaction of said 
aluminum metal member and said chlorine-based gas from the exterior, The manufacture approach of the III-V group 
nitride film which said ammonia gas is made to react and is characterized by carrying out chloride vapor phase epitaxial 
growth of the nitride film which contains aluminum at least on said substrate. 

[Claim 15] Said substrate is the manufacture approach of the III-V group nitride film according to claim 14 characterized 
by consisting of single crystal substrates of aluminum 203, SiC, NdGa03, LiGa02, LiA102, ZnO and MgO, MgAl 204, 
GaAs, InP, or Si. 
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[Claim 16] Said substrate is the manufacture approach of the III-V group nitride film according to claim 14 characterized 
by consisting of epitaxial growth substrates which consist of a single crystal base material of aluminum 203, SiC, 
NdGa03, LiGa02, LiA102, ZnO and MgO, MgAl 204, GaAs, InP, or Si, and substrate film which consists of an 
ingredient which has EI wurtzite structure or sphalerite structure by which epitaxial growth was carried out to this front 
face. 

[Claim 17] The manufacture approach of the m-V group nitride film according to claim 14 to 16 that aluminum content 
in said III-V group nitride film is characterized by being more than 50 atom %. 

[Claim 1 8] Said III-V group nitride film is the manufacture approach of the III-V group nitride film according to claim 
17 characterized by being the A1N film. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention — a substrate top - a chloride gaseous phase — epitaxial (Hydride Vapor Phase 
Epitaxy:HVPE law) — it is related with the manufacturing installation and the manufacture approach for carrying out 
epitaxial growth of the III-V group nitride film which contains aluminum at least by law. 
[0002] 

[Description of the Prior Art] AlXGaYInZN which contains aluminum at least on a predetermined substrate in 
optoelectronics devices, such as a light emitting diode and a laser diode (X+Y+Z=l) Carrying out epitaxial growth of the 
III-V group nitride film expressed with an empirical formula is proposed. For example, the method of carrying out the 
epitaxial deposition of the GaN film on it is indicated after application physics, the 68th volume, No. 7 (1999), and 
pp774, using silicon on sapphire as a substrate. 

[0003] Load with a gallium metal within [ which held the silicon on sapphire in which the GaN thin film was formed on 
the front face, inside ] a reaction, introduce hydrochloric acid gas into a coil, make gallium chloride gas generate, and he 
makes ammonia gas react to this, and is trying to make a gallium chloride deposit by this approach. Such a process is 
called usual and the chloride gaseous-phase epitaxial (Hydride Vapor Phase Epitaxy:HVPE) method. 
[0004] this HVPE - law - the conventional MOVPE (Metalorganic Vapor PhaseEpitaxy) — there is the description that 
a membrane formation rate is high compared with law. for example, MOVPE — although the typical membrane 
formation rate at the time of carrying out epitaxial growth of the GaN film by law is several micrometers/h — HVPE — 
the typical membrane formation rate in the case of carrying out epitaxial growth of the GaN film by law — per hour ~ 
several 10- it is hundreds of micrometers. Therefore, the HVPE method can be advantageously used, when forming the 
big III-V group nitride film of especially thickness. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, it is the GaN film by the HVPE method. What is 
necessary is to load the section of a reaction with an aluminum metal member, to introduce chlorine-based gas into a coil, 
to make chlorination aluminum gas generate, to make this aluminum chloride gas react with ammonia gas further, and 
just to make alumimium nitride deposit on a substrate by the conventional approach of manufacturing, when carrying out 
epitaxial growth of the A1N film. 

[0006] However, it confirmed that it was stabilized and the thing of a good property could not be manufactured even if it 
forms the A1N film by such approach. As a result of examining various the reason, it turned out that there are the 
following troubles. 

[0007] Although the coil which enforces the HVPE method is formed with the ingredient of a silicon oxide system like a 
quartz from the point of workability and cost, the ingredient of this silicon oxide system will be easily corroded by the 
aluminum chloride gas generated at the reaction of an aluminum metal and chlorine-based gas, and a pinhole will be 
formed in a coil. Consequently, atmospheric air trespassed upon the interior, when incorporated by the A1N film with 
which the oxygen in atmospheric air was formed, the crystallinity of said A1N film was influenced, and it confirmed that 
a property good as a substrate for optoelectronics devices was not acquired. 

[0008] Furthermore, as mentioned above, when the coil which consists of the ingredient of a silicon oxide system is 
corroded by A1C1 gas and leakage arises in a coil, there is also a problem atmospheric air not only invades within a 
reaction, but that various gas leaks to the exterior from a coil, and contamination arises. 

[0009] As mentioned above, in order that a coil may solve the problem corroded by A1C1 gas, forming a coil with the 
ingredient which is not corroded by A1C1 gas, for example, BN and SiNX, is also considered. However, such an 
ingredient has the problem that a price is also expensive while workability is very bad and is not practical, and the cost of 
the A1N film will go up, and does not serve as a practical solution. 

[0010] the problem mentioned above — HVPE — what is restricted when carrying out epitaxial growth of the A1N film by 
law - it is not - HVPE - law -- AlXGaYInZN (X+Y+Z=l) Also when carrying out epitaxial growth of the III-V group 
nitride film of a presentation, it is the problem produced similarly. 

[001 1] the effect of the corrosion the purpose of this invention solves the conventional trouble mentioned above, and 
according to A1C1 gas — removal — or — mitigating — HVPE — a property tends to offer the good manufacturing 
installation and the good manufacture approach of the HI- V group nitride film which contain aluminum at least by law. 
[0012] 

[Means for Solving the Problem] That the above-mentioned purpose should be attained, this invention loads the 
downstream with a substrate while loading with an aluminum metal at least the upstream seen to the flow direction of gas 
inside a coil. The aluminum chloride gas which introduces chlorine-based gas and ammonia gas into an inside coil with 
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carrier gas, and is generated by the reaction of said aluminum metal and said chlorine-based gas from the exterior, In the 
manufacturing installation of the III-V group nitride film to which chloride vapor phase epitaxial growth of the nitride 
film which ammonia gas is made to react and contains aluminum at least is carried out It is related with the 
manufacturing installation (the 1st manufacturing installation) of the III-V group nitride film characterized by forming 
the wall part of said coil which contacts aluminum chloride gas at least by alurrurnium nitride. 

[0013] In addition, the above-mentioned coil in this invention contains not only the coil of sealing which it comes to 
cover on a predetermined wall surface, or half-sealing itself but members for coils used within a reaction, such as nozzle 
components and a straightening vane. 

[0014] Moreover, this invention is set to the equipment to which chloride vapor phase epitaxial growth of the nitride film 
which contains alurninum at least on a predetermined substrate is carried out. Inside, said substrate and the inside coil 
which holds an aluminum metal member at least, A gas supply means to have dual structure with the outside coil 
surrounding this, to be equipped with the coil device which formed these inside coil and the outside coil with the silicon 
oxide system ingredient, and to introduce chlorine-based gas, ammonia gas, and carrier gas to said inside coil, It is 
related with the rnanufacturing installation (the 2nd manufacturing installation) of the HI- V group nitride film 
characterized by establishing a gas leakage detection means to have the gas concentration sensor which detects leakage 
of a heating means to heat the interior of said inside coil, and the gas between said inside coil and said outside coil. 
[0015] In the 1st manufacturing installation of the above, it faces manufacturing the IH-V group nitride film which 
contains aluminum at least, and said whole coil can be formed by alurnimium nitride. Moreover, it can constitute from a 
body of a coil formed with the silicon oxide system ingredient, and alurnimium nitride film by which coating was carried 
out to the wall. The alurnimium nitride film can be coated on it, without corroding the silicon oxide system ingredient 
which constitutes said body of a coil by forming the alumimium nitride film with Heat C VD in the case of the latter. 
[0016] Moreover, in the 1st manufacturing installation of the above, it can face manufacturing the III-V group nitride 
film which contains aluminum at least, the part in contact with the alurninum chloride of said coil of said coil can be 
formed by aluniimium nitride, and other parts can also be formed with a silicon oxide system ingredient. Since 
processing can form the part as which the workability of a coil is required by considering as such hybrid construction 
with an easy silicon oxide system ingredient, the cost of the whole coil can be lowered. 

[0017] Furthermore, although differential pressure can be prepared between said inside coils and said outside coils, and 
said gas concentration sensor can be arranged so that the concentration of the predetermined gas within [ with a lower 
pressure ] a reaction can be detected, it is suitable to make the pressure of said outside coil lower than the pressure of said 
inside coil, and to arrange said gas concentration sensor so that the gas concentration of the section of an outside reaction 
can be detected. 

[0018] Moreover, it is suitable to detect at least one concentration of ammonia gas, hydrogen chloride gas, nitrogen gas, 
rare gas, and oxygen for the gas concentration sensor of said gas leakage detection means. In this case, ammonia gas, 
hydrogen chloride gas, nitrogen gas, and rare gas are gas used with epitaxial growth, therefore they can be arranged so 
that said at least one gas which reveals a gas concentration sensor from said inside coil to said an outside reaction within 
the pipe one may be detected in this case. 

[0019] Moreover, since oxygen gas is contained in atmospheric air and it invades into an inside coil from an outside coil, 
an oxygen gas concentration sensor can be arranged so that the gas concentration within an inside reaction can be . 
detected. 

[0020] He does not detect leakage of the gas between an inside coil and an outside coil with a mere gas sensor, but is 
trying to detect it by the gas concentration sensor in the 2nd manufacturing installation of the above. Since it is 
convenient even if the reason has leakage of the gas of a certain extent rather than deteriorates to extent which deposits 
on a substrate and the property of the III-V group nitride film cannot permit immediately even if leakage of gas arises 
among these coils, it is because it is important to detect extent of gas leakage. 

[0021] Therefore, what is necessary is to judge that leakage of the gas of extent which cannot be permitted occurred and 
just to exchange for a new thing the inside coil corroded by A1C1 gas in that case, when the gas concentration currently 
detected exceeds the threshold decided beforehand. 

[0022] according to the 1st manufacturing installation of the above, and the 2nd manufacturing installation — HVPE — 
since epitaxial growth of the III-V group nitride film can be carried out with a high growth rate on a substrate by law and 
the effect of the corrosion by A1C1 gas can be removed or mitigated in this case, the property of said III-V group nitride 
film which carried out epitaxial growth can be improved. 

[0023] Furthermore, this invention is a thing about the manufacture approach which used the 2nd manufacturing 
installation of the above. The interior of said inside coil in the coil device of the dual structure which can detect leakage 
of the gas between an inside coil and an outside coil, The downstream is loaded with a substrate while loading with an 
aluminum metal member at least the upstream seen to the flow direction of gas. The alurninum chloride gas which 
introduces chlorine-based gas and ammonia gas into said inside coil with carrier gas, and is generated by the reaction of 
said aluminum metal member and said chlorine-based gas from the exterior, Said ammonia gas is made to react and it is 
characterized by carrying out chloride vapor phase epitaxial growth of the nitride film which contains aluminum at least 
on said substrate. 

[0024] Moreover, as for said substrate into which the III-V group nitride film is grown up, it is desirable to constitute 
from a single crystal substrate of alurninum 203, SiC, NdGa03, LiGa02, LiA102, ZnO and MgO, MgAl 204, GaAs, 
InP, or Si. Moreover, it can also constitute from an epitaxial growth substrate which prepared the substrate film which 
consists of ingredients, such as the ingredient of wurtzite structure or sphalerite structure, for example, an III-V group 
nitride, and ZnO, on this front face, using the single crystal mentioned above as a base material. 

[0025] MOVPE which mentioned said substrate film above — it is producible with law. Moreover, an ELO technique can 
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also be used when using the MOVPE method. Furthermore, said substrate film is also producible as multilayers structure 
of not only a monolayer but a different presentation. 

[0026] aluminum which contains aluminum more than 50 atom % according to the manufacturing installation and the 
manufacture approach of this invention which were mentioned above ~ the rich film and the condition of having 
removed or mitigated the effect of the corrosion according the A1N film (aluminum: 100 atom %) to A1C1 gas further — 
setting ~ HVPE » epitaxial growth can be carried out by law and it can form. 
[0027] 

[Embodiment of the Invention] Drawing 1 is the diagram showing the configuration of the 1st example in the 1st 
manufacturing installation of this invention. In this example, the whole coil 1 1 is formed by the alumimium nitride which 
is not corroded by aluminum chloride gas. In addition, a coil 1 1 exaggerates thickness and is indicated. In this case, 
alumimium nitride is a thing which uses aluminum and N as a principal component and which is included in alumimium 
nitride, hexagonal or also when it means the crystal of cubic system and other elements are contained about 10% as an 
impurity or an additive. 

[0028] Moreover, the case where the AlGaN film is formed is assumed in this example. 

[0029] Inside a coil 1 1, the susceptor 13 which holds silicon on sapphire 12 horizontally, the boat 15 holding the 
aluminum metal member 14, and the boat 17 holding the gallium metal member 16 are arranged. In this example, 
although silicon on sapphire 12 is held downward [ horizontal ], it may be held to horizontal facing up. 
[0030] Furthermore, in this example, epitaxial growth of the AlGaN film is carried out on the epitaxial growth substrate 
1 2 which comes to form the GaN substrate film beforehand on a sapphire base material. Therefore, what is necessary is 
for the boat 17 which holds the gallium metal member 16 in forming the A1N film to be unnecessary, and just to form the 
3rd boat holding an indium metal member, in forming the AlGalnN film further although the boat 15 holding the 
aluminum metal member 14 and the boat 17 holding the gallium metal member 16 have been arranged inside a coil 1 1 . 
[0031] in addition, said GaN substrate film — MOVPE ~ it can form using law. moreover, said GaN substrate film — 
MOVPE ~ it faces forming using law and the technique of ELO can also be used, this buffer layer top after specifically 
forming a low-temperature buffer layer on said sapphire base material - stripe-like Si02 mask — forming — this mask — 
minding ~ MOVPE - ELO growth can be performed by law. 

[0032] Moreover, although the boat 15 holding an aluminum metal member and the boat 17 holding a gallium metal 
member have been arranged to the same temperature zone in drawing 1 , it is also possible to prepare a separate 
temperature zone and to arrange to each. 

[0033] The 2nd introductory tubing 19 for introducing the 1st introductory tubing 18 for introducing into a coil 1 1 the 
alurriinum metal member 14 currently held by the boat 15 and the H2+HC1 gas to which it is made to react, the gallium 
metal member 16 currently held by the boat 17, and the H2+HC1 gas to which it is made to react is formed. The H2 
above-mentioned gas is carrier gas, HC1 gas and the aluminum metal member 14 react, A1C1 gas is generated, HC1 and 
the gallium metal member 16 react, and GaCl gas is generated. 

[0034] The 3rd introductory tubing 20 for introducing NH3+H2+N2 gas further is opened for free passage by the coil 1 1, 
the A1C1 gas and GaCl gas which were mentioned above, and ammonia gas react to it, A1N and GaN are generated, the 
epitaxial deposition of these is carried out on the front face of silicon on sapphire 12, and the AlGaN film is formed. 
[0035] These introductory tubing 18-20 is connected with each source of gas established in the gas transfer unit 21. In 
this example, the c-axis carries out orientation of the AlGaN film deposited on the front face of silicon on sapphire 12 at 
right angles to a substrate side by using the silicon on sapphire of the Ath page or C side. Such film is advantageously 
applicable as optoelectronics devices, such as a light ermtting diode and a laser diode, in addition, the the best [ by 
choosing the crystal face and a crystal ingredient suitably ] for a device application about the crystal orientation of the 
film which should be formed — thing selection can be made. 

[0036] Moreover, the exhaust air system 22 is opened for free passage by the coil 11. Furthermore, on the periphery of a 
coil 1 1, it sees in the flow direction of gas, the 1st heating apparatus 23 is formed in the upstream, and the 2nd heating 
apparatus 24 is formed in the downstream. These 1st and 2nd heating apparatus 23 and 24 are constituted so that it can 
drive independently, respectively, and they are constituted so that the temperature of the upstream field 25 and the 
temperature of the downstream field 26 can be controlled independently by this. 

[0037] In this example, the upstream field 25 is heated to 900-degreeC, and the downstream field 26 is heated to 1000- 
degreeC. The temperature of the upstream field 25 can also be controlled still more finely here. That is, the 1st and 2nd 
boats 15 and 17 can be estranged and arranged to the flow direction of gas, and it can also constitute so that each can be 
heated to different temperature. 

[0038] In this example, since the coil 1 1 whole is formed by the alumimium nitride which is not corroded depending on 
the aluminum chloride gas generated by the reaction of the aluminum metal member 14 and hydrogen chloride gas as 
mentioned above, a pinhole is not formed in a coil 1 1 by aluminum chloride gas. Therefore, since oxygen does not 
invade in a coil 1 1 from the exterior, the AlGaN film which was excellent in the property can be formed on a substrate 
12. 

[0039] Drawing 2 is the diagram showing the configuration of the 2nd example in the 1st manufacturing installation of 
this invention. In this example, it is shown using the sign used for the same part as a precedent in drawing 1 as it is, and 
the detailed explanation is omitted. Although the whole coil 1 1 was formed in the precedent by the alumimium nitride 
which is not corroded by aluminum chloride gas, alumimium nitride film lib which is not corroded by the wall of body 
of coil 11a which consists of the quartz which is an oxidation silicon system ingredient by aluminum chloride gas is 
coated with this example. 

[0040] Since body 1 la of a coil 1 1 is made of the quartz, its workability is very high, and it can be easily processed into a 
desired configuration, moreover, alumimium nitride film 1 lb with which the wall of body 1 la of such a coil 1 1 was 
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coated — MOVPE — it can form by law. Moreover, in this example, thickness of body of coil 1 la is set to about 5mm, 
and thickness of alumimium nitride film 1 lb is set to about 20 micrometers. 

[0041] Drawing 3 is the diagram showing the configuration of the 3rd example in the 1st manufacturing installation of 
this invention. In this example, it is shown using the sign used for the same part as the example shown in drawing 1 in 
drawing 1 as it is, and the detailed explanation is omitted. At this example, the part with a possibility that it may be 
corroded by aluminum chloride gas forms a coil 1 1 by alumimium nitride, and the part without the fear forms it with a 
quartz by the oxidation silicon system ingredient and this example. 

[0042] It sees to the flow direction of gas. Namely, an entrance side The amount of [ with a possibility that it may form 
by part for the 1st reaction tube part 11-1 which consists of a quartz, aluminum chloride gas may be generated, and it 
may be corroded by it / middle / 2nd / 1 1 -2 ] reaction tube part It forms by the alurriimium nitride which is not corroded 
by aluminum chloride gas. Further an outlet side Since there is no possibility that it may be corroded by aluminum 
chloride gas since aluminum chloride gas is almost consumed by the reaction with ammonia gas, it forms by part for the 
3rd reaction tube part 1 1-3 which consists of a quartz. 

[0043] Thus, since the parts 1 1-1 of an entrance side with troublesome processing and an outlet side and 11-3 were 
formed with the quartz that workability is very good and cost by considering as the hybrid construction which combined 
the 1st and 3rd parts 11-1 which consist a coil of a quartz and 11-3, and the 2nd part 11-2 which consists of alumimium 
nitride, the price of the whole coil can be reduced. [ tend ] 

[0044] And since the 2nd part 11-2 put to aluminum chloride gas was formed by the alumimium nitride which is not 
corroded by aluminum chloride gas, a possibility that a pinhole may be formed in a coil can reduce it, therefore it can 
grow up the III-V group nitride film with a good property. Since the life of a coil can furthermore be lengthened, a 
rnanufacturing cost can be reduced. 

[0045] Drawing 4 is the diagram showing the configuration of an example in the 2nd manufacturing installation of this 
invention. In the manufacturing installation shown in drawing 4 , the coil device of the dual structure which surrounded 
the inside coil 31 with the outside coil 32 is used. These inside coil 31 and the outside coil 32 are formed with the quartz 
which is the ingredient of a silicon oxide system. Moreover, the case where the AlGaN film is produced is assumed in 
this example. 

[0046] Inside the inside coil 31, the susceptor 34 which holds silicon on sapphire 33 horizontally, the boat 36 holding the 
alurninum metal member 35, and the boat 38 holding the gallium metal member 37 are arranged. In this example, 
although silicon on sapphire 33 is held downward [ horizontal ], it may be held to horizontal facing up. 
[0047] Furthermore, in this example, since epitaxial growth of the AlGaN film is carried out on silicon on sapphire 33, 
inside the inside coil 31, the boat 36 holding the aluminum metal member 35 and the boat 38 holding the gallium metal 
member 37 have been arranged, but when forming the A1N film, the boat 38 holding the gallium metal member 37 is 
unnecessary. What is necessary is just to form the 3rd boat holding an indium metal member, in fonning the AlGalnN 
film furthermore. 

[0048] The 2nd introductory tubing 20 for introducing the 1st introductory tubing 39 for introducing into the inside coil 
3 1 the aluminum metal member 35 held by the boat 36 and the H2+HC1 gas to which it is made to react, the germanium 
metal member 37 held by the boat 38, and the H2+HC1 gas to which it is made to react is formed. The H2 above- 
mentioned gas is carrier gas, HC1 gas and the aluminum metal member 35 react, A1C1 gas is generated, HC1 and the 
germanium metal member 37 react, and GaCl gas is generated. 

[0049] The 3rd introductory tubing 41 for introducing NH3+H2+N2 gas further is opened for free passage by the inside 
coil 31, the A1C1 gas and GaCl gas which were mentioned above, and ammonia gas react to it, A1N and GaN are 
generated, the epitaxial deposition of these is carried out on the front face of silicon on sapphire 33, and the AlGaN film 
is formed. On the other hand, N2 gas is introduced into the introductory tubing 42 opened for free passage by the outside 
coil 32. These introductory tubing 39-42 is connected with each source of gas established in the gas transfer unit 43. 
[0050] In this example, the c-axis carries out orientation of the AlGaN film deposited on the front face of silicon on 
sapphire 33 at right angles to a substrate side by using the silicon on sapphire of the Ath page and C side. Such film is 
advantageously applicable as optoelectronics devices, such as a light emitting diode and a laser diode. About the crystal 
orientation of the film which should be formed, the optimal thing for a device application can be chosen by choosing the 
crystal face and a crystal ingredient suitably. 

[0051] Moreover, the 1st exhaust air system 44 is opened for free passage by the inside coil 31, and the 2nd exhaust air 
system 45 is opened for free passage by the outside coil 32. Furthermore, on the periphery of the outside coil 32, it sees 
in the flow direction of gas, the 1st heating apparatus 46 is formed in the upstream, and the 2nd heating apparatus 47 is 
formed in the downstream. These 1st and 2nd heating apparatus 46 and 47 are constituted so that it can drive 
independently, respectively, and they are constituted so that the temperature of the upstream field 48 and the temperature 
of the downstream field 49 can be controlled independently. 

[0052] In this example, the upstream field 48 is heated at 900 degrees C, and the downstream field 49 is heated at 1000 
degrees C. The temperature of the upstream field 48 can also be controlled still more finely here. That is, the 1st and 2nd 
boats 36 and 38 can be estranged and arranged to the flow direction of gas, and it can also constitute so that each can be 
heated to different temperature. 

[0053] Moreover, in the manufacturing installation shown in drawing 4 , in order to detect extent of leakage of the gas 
between the inside coils 31 and the outside coils 32 which were mentioned above, the gas concentration sensor 50 which 
detects the concentration of the HC1 gas in the outside coil 32 is formed. 

[0054] Since this HC1 gas exists only in the inside coil 3 1 when the inside coil 3 1 is normal, this HC1 gas is not detected 
by the gas concentration sensor 50. However, if the inside coil 31 which consists of a quartz is corroded by A1C1 gas and 
a pinhole is formed, it will reveal from the inside coil 31 to the outside coil 32, therefore HC1 gas will be detected by the 
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gas concentration sensor 50. 

[0055] In the manufacture approach of this invention using the manufacturing installation and this which show drawing 
4 , when HC1 gas is detected by the gas concentration sensor 50 in this way, it does not judge that the abnormality 
situation occurred immediately, but it is judged that it began when the concentration of this HC1 gas exceeded the 
concentration decided beforehand, and the abnormality situation occurred. 

[0056] In order to perform such decision, the output signal of the gas concentration sensor 50 is supplied to a digital 
disposal circuit 51, when decision which mentioned above here is performed and the detected gas concentration exceeds 
a predetermined threshold, it judges that the abnormality situation occurred, and an alarm 52 is driven. When a user 
checks what this alarm 52 drove, new future processes are not performed but exchange the inside coil 31 for a new thing. 

[0057] This invention is not limited only to the example mentioned above, and many modification and deformation are 
possible for it. for example, AlXGaYInZN which contains aluminum at least although the example mentioned above 
explained the case where the AlGaN film was formed (X+Y+Z=l, X> 0) HVPE of the HI-V group nitride film of 
arbitration shown with a presentation ~ it can use to the epitaxial growth using law. And more than 50 atom %, 
aluminum can be especially used preferably, when carrying out epitaxial growth of the A1N film further. 
[0058] Moreover, the substrate to be used is not limited to sapphire (aluminum 203), and can consist of single crystal 
substrates of SiC, NdGa03, LiGa02, LiA102, ZnO, MgO, MgAl 204, GaAs, InP, or Si. Moreover, it can also constitute 
from an epitaxial growth substrate which prepared the substrate film which consists of ingredients, such as the ingredient 
of wurtzite structure or sphalerite structure, for example, an ITI-V group nitride, and ZnO, on this front face, using the 
single crystal mentioned above as a base material. 

[0059] Furthermore, in the manufacturing installation shown in drawing 4 , although hydrogen chloride gas shall be 
detected for a gas concentration sensor, it can also consider as ammonia gas, nitrogen gas, and the gas concentration 
sensor that detects rare gas. Moreover, when atmospheric air is revealed from an outside coil to an inside coil, the gas 
concentration sensor which detects the oxygen gas contained in atmospheric air can be arranged so that the gas 
concentration within an inside reaction can be detected. In this case, internal pressure of an outside coil can be made 
lower than atmospheric pressure, and internal pressure of an inside coil can be made still lower than it. 



[Effect of the Invention] the effect of the corrosion [ according to / as explained above / this invention ] by A1C1 gas — 
removal - or — mitigating — HVPE — a property can offer the good manufacturing installation and the good manufacture 
approach of the III-V group nitride film which contain aluminum at least by law. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of* this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the diagram showing the configuration of the 1st example in the 1st manufacturing installation of this 
invention. 

[Drawing 2] It is the diagram showing the configuration of the 2nd example in the 1st manufacturing installation of this 
invention. 

[Drawing 31 It is the diagram showing the configuration of the 1st example in the 1st manufacturing installation of this 
invention. 

[Drawing 41 It is the diagram showing the configuration of an example in the 2nd manufacturing installation of this 
invention. 

[Description of Notations] 

1 1 Coil, 1 la Body of Coil, 1 IB Alumimium Nitride Film, 1 1-1 to 1 1-3 12 The 1st - the 3rd part, 33 13 A substrate, 34 
Susceptor, 14 35 16 An aluminum metal member, 37 Gallium metal member, 15, 17, 36, 38 A boat, 18-20, 39-42 
Introductory tubing, 21 43 A gas transfer unit, 22, 44, 45 Exhaust air system 23, 24, 46, 47 Heating apparatus, 25 48 26 
An upstream field, 49 A downstream field, 31 An inside coil, 32 An outside coil, 50 A gas concentration sensor, 52 A 
digital disposal circuit, 53 Alarm 

[Translation done.] 
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[0 0 3 2] r^S-'JA^gW* 

h 1 7££|^— ©igS^CCiegL.!t*i, m*<DUg&>k 

[003 3] £f£?g 1 1 «C(J, h 1 5 {CjroT^ft 

+ HC 1 VAZmA? %ttib<Dm\<Dm*M\ 8 4, # 

-h l 7{c«toT«^F5nrt>s^>;^A^)igpMi 6 
jfASi 9££ss:ws. JiiBHz ^BttymT 

*0. HC l^ir^S-^^fgWl 4<i:#SfS 
ITAICI^^S^, HC 1 <!:# ';^A#J§g|S 
#1 6£**S(c;i/-CGaC 1 ^^S^StlSo 
[0 0 3 4] Kf&gl 1(CH36(CNH S + H* +N 2 
#X*#AT£fca&©gr3©#AW2 0j&sj$il<*ft, Jh 
mUtcA 1 C 1 tfXRtfGaC 1 ^i7>t-7^ 



t^iSJSt/.rA 1 NRi^GaN^Sn, CtiW? 
? 7 -f 711 1 2 ©$i(ci f if **✓ + ;Hta$ tir . 
A 1 GaN|g*3Ji5fiS?ti4„ 
[0 0 3 5] Ctie.©^AWl 8-2 0IJ, 

•5. *Wc**l,»Ttt. TS« 1 2 ©SffifCifHI 

3tt£A 1 GaNi», AIXttClOt7 7^7Si 

*fflu^c<tKj:»). -e©ctt*s««HKMji:K:ieisjT 

10 Fist*©;*- ^hxu* ha^i>^7 r >'<-<X<bL.rWfJ{C 

(contra. itn® • ^^=&sa(cji^r-5 cite 

[ o o 3 6 ] s/c. i i wmtmz 2 
w*icmx±mmvcm 1 ©M&«g2 3 fci&w. T : tm\ 

fC^2©Sn^a2 4*SW6. Ctl6»lS.D £ »2© 
»m*lig2 3SDf2 4«. -etl^n!ifeiitCliES&-C#.5J: 

20 ^(c»gEsnr*jo. cntc<toT±jSEffl!i«ii?2 5©?a 

[0037] immmz 5*900- etc 

umi*. Tmmmm2 6* 1 0 0 o* cicmm~?z. c 

C -C±S£ffl!lMlS 2 5 ©gg£ 3 ^ (C$ffl*i < ${J©^- §Ci 
-tt£t>%. ^lRc>*^2©^"- H 5SC^1 
7£#*©ffift#|6l{C]g!fyjL-ciegl', -eti^n^rM^ 

[0 038] *^Kfct,>r ±^t-fc «fc ^ tCS(£« 1 
30 7*5--?A^I8Wl 4i^ft*^^i 

©SJtEfc <fc ixzmtr )i> 5 -r? axmcJ: -> 

lrt«Ci$^#{gA^-5C£#s&i,>©-c\ #14©#n 
fcA 1 GaNJg«rS^gl 2±{C«gJg-rSCi!6S-C#S. 
[ 0 0 3 9 ] m 2 it. *&W<Dm 1 ©S?i»^gfC*JW ^ 
^2©^i6WI©»^ ; |:iK-r^0-Cd!.§ <> ^fCfct^-C. 

W«afil^(;g|5^{c«0 1 {cfci^rigJBtfcft^-e©* 
40 S^fflL/r^L. ^©i¥fflJ5:lSi§§«S'BSTS. mW-C 

©rtM(ci|[fb7';u 5 - r> a sc «fc o rHASn^^^ 

[0040] SJE'g 1 1 ©*» 1 1 a «, 
t^©-C/JDX1§^#^tCil5C^©-CAfJ. ffiMCDBVilc 

50 1 l©$ftl 1 aOrtlK^-f •f>i'lfcM7Jl'; 



5mmi L. ^bT^S-^AKl 1 b©lg/¥4««2 
0 /ttm£"$"5. 

[ 0 0 4 1 ] S 3 «, #|fe?8©Sjr 1 ©»j£g|g{C;teW S 

«t o T 3 ft £Si*l©c& ■£ a5^-«^f fcT A- 5 - o A -c 
[0 04 2] ttttt, 27X©iftft;#|5tfcJ!.T. ADffil 

«. 55?J; *)&izm 1 ©rasggiw* 11-1 1? mi&L. 

*iSS4a©*5*m©^2©Slc; i g^l l-2ti % £ 

f*r >*xt #x £ ©sifcfc J: 3 nt t> 5 

s^^OfiS^acas^gij^i i-3t» 

[0 04 3] C©<fc5fc, SlBlf=&5i5J:0^^1S 
y»3©S»l 1 - 1SCX1 l-3i, Ift7A5-<i 
AJ:9j££ifr2©gfc$H 1 -2t&S&VtcJ><<zrV v 

ffiPffltf©g|5# 1 1 - 1 SCX 1 1 - 3 flnxts^^tc 

[0 0 44] ^ffcTAS^H/A^XtC^Sn-S 
^2©SP»1 l-2«. £ifcTA5-^A^tCJ:^r 

tt©^*f a ra- vmmi mmzimz # -s c ± #-e* 

£. 3 6{CSl£:S©^*S<-rsc<i:*Sf #-s©-c, 
Sign x h 5 c <t #-e * s . 

[ 0 0 4 5 3 04 *^W©*2©»i§^g(CfcW-5 
— {^©WfiS^-r^S-c^s. 04Kr^-f$Si§*tig{c;fe 
1>TB, F*3ffiiMfES3 l£*1#JSt£*3 2rHA/cr» 

nmsstm 3 2 sHt$- jm&<Dttmvib zem-cb 

[0046] F«3(aSJE;«3 1 ©rtSfSfct;*. t7r>f7l 
«3 3?r*¥{C^Ft-S-!>-H2^*3 4£ > T;U5x£A 
^JlgH*3 5*fig«F-rSsK-h3 6<i:. #V5&£m2{> 
t*3 7§§»t5^- f-3 8£4IBa^--5„ *^(-C«, 
■9-7 r -f TSK3 3 «*^|S)Tl^#tC^$tlT^e 

[0 04 7] 3 6«c, *«TB, AlGaNl^t7 7 5 
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WTSS3 3©±fcxh-$+-> + ;H^g3-a-5^cDf* 
■5^6. F*3MSfE©3 1 ©rtSPKti. 

mt3 5*&!?rr£*--h3 6<!:. ^'^A^sgu^s 

7£^-f S*W3 8££i2gt,fc#. A 1 NR4^ 

Kf #»/*A£na»*3 7£«j#-rs#- 

h3 8tt^gf*S. $?>(CA I Ga I nNM%fiSg-r 

[0048] P*3ffll/J5Jc: i g3 1 h 3 6 tCjr-^-C 

HC 1 *X*iAfifc»Of 1 ©*A«3 9 £. 

h 3 8tcj:^-cm$Ltcy)\,-?~yi»3zmm*3 1 tlx 

tS3if*H 2 +HC 1 #XZMA?Z>tclb<Dm2<Dm\ 
I2 0i4ttt4. -kiEHj *fXlt*+>)T#X~C$> 
9. HCl#Xt7)V*-<y&&mmt3 5t&5tifcL 
TA 1 C 1 tfXtilZzi&Sti, HC 1 ttr'fr'r-OA&M 
SM3 7£#Sl£L'-CGaC 1 ^*i^EStlS„ 
[0 04 9] |*3ffllJJKfc:^3 lK(iS6KNH 3 +H 2 + 
N 2 *fX*^A-r55fcd?)©m3©^Ag4 ld^jlS 
20 ft. _Bdil,ft:A I C 1 #X£.C/GaC 1 ^/X£T>*- 
r^X£*sSJS0TA 1 NSCXGaNds^Sn. Ctl 
r JTSfc3 3©*M{CXb - ^*^i»JUiiaS 
*1T. A l GaN^jWfc5fci**i£„ — ^T. ^MStK^S 

2«:aji$n/c^!Ae4 2fc« > n 2 *x*!^A3n 

•S. cn^O^AWS 9-4 2 «. ^ffi^4 3K 

^nfc^n^n©**^^^^ fir 
[oo5o]##ir« t ?yT-{7mm3 3<Dmmici& 

fnStiZA 1 GaNliJ, AIS^CE©t) i 7 7^7l 

S^ffiuscitcfcf). -e©c«iAss«M{csii:{cig(fij 

30 Ti„ C©J:5£JK«. ^^^^_ F u _. »f^Y* 

c o o 5 i ] nmm.jm3 1 icim 1 ©gf^4 

4*J®i3ti > iHPJSic?g3 2K:«^2©^^4 5*i 
SiiSnri^. S 6K. ^fflJMJCc:©3 2©^fc«. 
^©S£ti^isj{cmr±^ffiij«:^ i ©J^^a4 
K> W. TijSM{C^2©a]|^|g4 7?ra:WS 0 cn?.Sl 
Saf^2©»II^^g4 6SCJt4 7(3:. -ett-ettSfeitClg 
Sfj-Ct^cfc^^fig^nrJeO. ±e£fflJ«JH4 8©aS[ 

flout? z>„ 

[0052] *mviz. ±mmmw4: 8*900 -acm 
Tffi.mmwi4 9 & 1 00 o'ctcMft-rs. cc-c 

±^<»I^ 4 8 ©SS *Se.CCiffl*i<ilI®I-r.2.C£fe-C 

#x©i£ft;^ttHML,Tieau ^-n-eti^sasa 
0 a«c*om-c$sJ:^{cfll^-r5C£ferirs„ 
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[0053] itc. m4icnkrmmmmias^xit. ± 
&u%i*afi3S*a 1 t^mmm'ss 2 £©Bfl©#*;*© 
m®.<Dm&*iktB-r 5 tabic, tmms&m 3 2 ^ch c 
1 ^©igs^t^i-r^^rdg-fevifs.o^ys. 

[0054] rttiSJESS 1 *!iES©i©^{Cii. C©H 

#*rSS-fe>-9-5 orucoHC i#x«&fco;*n£r 

^K«tor^A3firf>*-^*s^sn'S<b. hc 
l #x«rtffiiKl£«3 1 ^6^MSf£:e3 2^il«u 
L.fc*Sot^JjaKi2>-9-5 OTtfctHSftS. 

[0055] m4&7n?Mm&mRuc.ti*mwcX& 
^Wt^mcis^xit. ccDJ:^«:**xigg-fe>-y-5 

■#91£Lfc£ttfflKltl\ CCDHC 1 #*©igg#^ 
[005 6] C©<fc -5 &*K*fftt 5 fctf>fc, 

5 oommtmrnmemaas 1 ^«&u c 

163 fife C £ £5tl2 L £ & «. fctf£©8rfcft :7n Hz * 
«ff^r> W{fflSJCB^3 1 *3rfc&fc©£j£»*T5. 
[005 7] *!6W«±iELfclS^(C<D*^S3n^ 
fe©TI*fc<. «fe£©»t«a*pJ&&-C*S 0 m 

cc-wc-mii/fctf. <!>&<£ a i **tf. ai x g 
a y In 2 N CX + Y+Z= K X>0)^ifflfiS;-C^ 
3ttSffig©iii- v»=^t^«©H v p e &*mwc 
*t"#*^*;uj&gK#LTffli,>£c£#i-c*.5. -e-u 

T. #fctt. A 1 £5 0M*%&.±. 3 6iC«A 1 NI 
•5C£#*T?#£. 

[0 0 5 8] SfcffiffitSfflSiJ. *J~7 r 4T (A 1, 
O, ) fcRg^3tl5 4>0-C{*%< , S iC, NdGaO 
s. LiGaOj , LiAlOj , ZnO, MgO, M 
gAh 0 4l GaAs. I n PXitS i <Dm£HMm 
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ttfltifiOtm. W*.«m- V»E»fc»X« ZnOSi' 
[005 9] 3 |34 fCTS-rSSjgJggCCfcUTW:. 

xxmst-k is^mvmu* zmn? s &©£ l/c 

©»£*:«. *«£l&«©rtJE£;*3UE J: 9 fefi< L,. 
[0060] 

A 1 C 1 #*fc«fc*JB^|**lfc3aHtft*Lr. H 
VPEffiKi-o T #tt*^ST^C . 4>£ < £ & A 1 £^t? 

20 imwoffimfsmi] 

im i ] *#B3§©fs i <DMmmmic*si-tzm 1 ©n^w 

[HI 2 ] *f£BB©Sg 1 ©H^acc*sttS*2 ©Xttft 

m 3 ] ##8b©sb i <mmmstc*s»zm 1 ©jussw 

[04] *#^©»2©«®«aK:*jw^-M©«^% 

[*Hf©§iBJ] 

30 1 1 W&'g. l l a filtttttt. 1 l b fiffcr^ 

11-1-11-3 sri-ifr3©aj#. 

12. 3 3 StS. 13, 3 4 -tHr:?*. 14, 3 5 
T;L-5-^A#)SS|IM. 16. 3 7 H~')?l*£m$l 
». 1 5. 1 7. 3 6. 3 8 #-K 18-2 0, 3 

9-42 mxm. 2i, 43 tfxmsmm. 22. 

4 4.45 SMUfc 23. 24, 46. 47 ftftfgg 
H. 2 5, 48 ±aMH&J& 26, 49 TflMSffi 

«. 3 1 fHmmmm. 3 2 mmsm. 50 *?x 
zss-fe>-y. 52 ©#<as0is. 53 wm&s. 



(8) 
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